Background: Myocardial infarction (MI) with non-obstructive coronary arteries (MINOCAs) is an increasingly recognized entity. No previous study has evaluated predictors for new major adverse cardiacvascular events (MACEs) and death in patients with MINOCA. Methods: We conducted an observational study of MINOCA patients recorded between July 2003 and June 2013 and followed until December 2013 for outcome events. Out of 199,163 MI admissions, 9092 consecutive unique patients with MINOCA were identified. The mean age was 65.5 years and 62% were women. MACE was defined as all-cause mortality, rehospitalization for acute MI, ischemic stroke and heart failure. Hazard ratio and 95% confidence interval (HR; 95% CI) was calculated using Cox-regression. Results: A total of 2147 patients (24%) experienced a new MACE and 1254 patients (14%) died during the mean follow-up of 4.5 years. Independent predictors for MACE after adjustment, were older age (1.05; 1.04-1.06), diabetes (1.44; 1.21-1.70), hypertension (1.25; 1.09-1.43), current smoking (1.38; 1.15-1.66), previous myocardial infarction (1.38; 1.04-2.82), previous stroke (1.69; 1.35-2.11), peripheral vascular disease (1.55; 1.97-2.23), chronic obstructive pulmonary disease (1.63; 1.32-2.00), reduced left ventricular ejection fraction (2.00; 1.54-2.60), lower level of total cholesterol (0.88; 0.83-0.94) and higher level of creatinine (1.01; 1.00-1.03). Independent predictors for all cause death were age, current smoking, diabetes, cancer, chronic obstructive pulmonary disease, previous stroke, reduced left ventricular fraction, lower level of total cholesterol and higher levels of creatinine and CRP. Conclusions: The clinical factors predicting new MACE and death of MINOCA patients seem to be strikingly similar to factors previously shown to predict new cardiovascular events in patients with MI and obstructive coronary artery disease.
Introduction
Acute myocardial infarction (MI) is a life threatening condition, which requires immediate management, investigation and treatment. Early fundamental studies have demonstrated a close connection between the atherosclerotic process and the pathogenesis of MI [1, 2] . However, large-scale use of acute coronary angiography has revealed that a significant proportion of the patients with MI do not have obstructive coronary artery disease (CAD) as judged by angiography (≥50% diameter stenosis). The term "myocardial infarction with nonobstructive coronary arteries" (MINOCAs) has been coined for this entity [3, 4] . A recent position paper from an ESC working group has suggested the following diagnostic criteria for MINOCA [4] ; MI criteria met according to the third universal definition of acute MI [5] , non-obstructive coronary arteries on angiography (i.e. no coronary artery stenosis ≥ 50%) and no clinically overt specific cause for the acute presentation. Thus, MINOCA is a working diagnosis and should lead the treating physician to investigate underlying causes.
MINOCA patients form a heterogenic group, consisting of subgroups with different underlying pathophysiological mechanisms such as plaque rupture, coronary dissection, coronary artery spasm, type 2 MI and clinically unrecognized myocarditis or Takotsubo cardiomyopathy [4, 6, 7] . Recent meta-analyses have indicated that myocarditis and Takotsubo cardiomyopathy may be common underlying causes of MINOCA, but that correct diagnoses are lacing due to low use of imaging techniques such as cardiac magnetic resonance (CMR) [6, 8] . The prevalence of MINOCA is therefore closely dependent on the definition used and ranges between 1 and 14% in different studies [6, 7, [9] [10] [11] , with an overall prevalence of 6% in recently published meta-analysis [6] . Although, MINOCA patients seem to have a somewhat better shortand long-term prognosis than patients with MI associated with obstructive CAD (MI-CAD) [6] , the prognosis is not benign; we have recently shown that as many as 24% of MINOCA patients experience a MACE within 4 years [11] .
Given the heterogeneity of the MINOCA patients, it would be desirable to be able to use clinical predictors to identify patients with different risks for new cardiovascular events and fatal outcome. Therefore, we investigated potential predictors of major adverse cardiovascular events (MACEs) and death in patients with MINOCA.
Methods

Study population
The study population has been previously described [11] . In short, 9092 unique patients with MINOCA were identified among the 199,163 acute MI admissions recorded in the SWEDEHEART registry (Swedish Web-system for Enhancement and Development of Evidence-based care in heart disease Evaluated According to Recommended Therapy) between July 1, 2003, and June 30, 2013. Patients were identified as having MINOCA if the discharge diagnosis was acute MI (International Classification of Diseases, 10th Reversion code: I21-I22) and a coronary angiography performed during the index hospitalization that did not show a diameter stenosis of 50% or more.
The cohort consisting of all 9092 MINOCA patients was used for estimating predictors of mortality, a second cohort consisting of the 9003 patients who survived the hospital stay and first 30 days post discharge for estimating the predictors of MACE (Supplemental Fig. 1 ).
Outcome definitions
The primary outcome MACE was defined as a composite of all-cause death, rehospitalization for MI, ischemic stroke and heart failure. Additional secondary outcomes were all-cause death and cardiovascular death.
Data on all-cause death (i.e. cardiac, non-cardiac or unknown) was obtained from the Swedish population register, which includes information on the vital status of all Swedish residents. Data on cardiovascular death, defined as International Classification of Diseases-10 codes (ICD) I00-I78, was obtained from the Cause-of-Death Register. Data on myocardial infarction (I21-I23), heart failure (I50, K761, I971, I110), and ischemic stroke (I63, I64) were obtained from the National Patient register, including all ICD codes from all hospital admissions in Sweden.
Follow-up
Follow-up data became available by merging data from the mandatory Swedish Cause of Death Register and the National Patient Register with the SWEDEHEART registry containing data on baseline characteristics, electrocardiographic (ECG) changes, biochemical markers, coronary angiography results, left ventricular ejection fraction (LVEF), medical and invasive treatment and outcome (see http://www.swedeheart.se for details). The merging was performed at the National Board of Health and Welfare in Sweden based on the personal identification number that all Swedish citizens and all permanent residents of Sweden have. Survival was monitored from admission, and MACE registered from 30 days after discharge until December 31, 2013, with a mean follow-up of 4.5 years. The minimum follow-up was 6 months.
To ensure the quality of the data entered into the SWEDHEART database, a monitor visit is performed at each hospital every second year. Over the years there has been a N95% agreement between data in the registry and in the hospital records [12] . According to Swedish law, all patients must be informed about their participation in the registry. The study was approved by the Regional Ethical Review Board in Stockholm (2012/60-31/2).
Statistics
Normally distributed continuous variables are presented as mean ± standard deviation (SD). Not normally distributed continuous variables are presented as median and inter quartile range (IQR). The students' t-test was used for comparison of normally distributed data and the Mann Whitney U test was used for not normally distributed data. The categorical variables are presented as frequency values and comparisons were made using the Chi-square test.
In order to identify the clinical characteristics associated with the primary and secondary outcomes, univariate and multivariate Cox regression analyses were performed. Three different multivariable models were created due to large number of missing data for certain variables and only patients with complete data were included in the analyses. Model 1 included known risk factors for cardiovascular morbidity such as gender, age, diabetes, hypertension, smoking status, previous MI, previous stroke and ECG changes at admission.
Model 2 included, in addition to all factors in model 1, the levels of creatinine, CRP and total cholesterol during the index hospitalization. Model 3 included, in addition to all factors in model 2, LVEF measured during index stay and serious non-cardiac diseases (chronic obstructive pulmonary disease (COPD), peripheral vascular disease (PVD), dementia and cancer). Hazard ratios (HR) with corresponding 95% confidence intervals (CI) were calculated using the Cox proportional hazard model. Survival probabilities were calculated using Kaplan-Meier methodology. Stratified analyzes were performed of the association between cholesterol level and outcome in strata according to statin treatment at admission and discharge. Age and cholesterol were also analyzed as categorical variables to identify potential non-linear associations with the outcome. All statistical tests are two-tailed and p b 0.05 is regarded as statistically significant. Data analyses are performed using SAS Software Version 9.4 (SAS Institute, Cary, NC, USA) and the Predictive Analytical SoftWare (PASW statistics 17.03) program (SPSS Inc., Chicago, IL, USA).
Results
The clinical characteristics of the 9092 patients with MINOCA are shown in Table 1 ; the mean age was 65.5 ± 11.5 years and 62% were women.
A total of 2147 patients (24.0%) experienced at least one new MACE during a mean follow-up of 4.5 years. The total number of events during follow-up were; 1254 deaths, 624 new MIs, 403 ischemic strokes and 580 hospitalizations with congestive heart failure. Of the 1165 deaths occurring after the first 30 days, only 497 (42.7%) were classified as cardiovascular deaths. During the index hospital stay 68 patients (0.7%) died, the one month mortality rate was 1.0% (89 patients) and the six-month mortality rate was 2.4% (219 patients). Fig. 1 shows, after the first month, a linear mortality risk throughout the follow-up period, while the risk of MACE was higher during the first year and thereafter somewhat lower but constant.
Clinical predictors of MACE
The following factors were statistically significant univariate predictors of MACE (Supplemental Table 1 ): older age, diabetes, hypertension, previous smoking, previous MI, previous stroke, COPD, PVD, dementia, previous or present cancer, ECG changes at admission, reduced LVEF, higher levels of creatinine, higher levels of CRP and lower levels of total cholesterol.
The prognostic value of clinical factors, biochemical markers and LVEF was assessed by multivariate Cox regression in three different models (Table 2 ). In the fully adjusted model (model 3), older age, diabetes, hypertension, current smoking, previous MI, PVD, COPD, previous stroke, low LVEF, higher levels of creatinine and lower levels of total cholesterol remained statistically significantly associated with the outcome.
When age was analyzed as a categorical variable the risk of MACE increased by each age group; b50 years (reference), 50-60 years (HR 1.15 95% CI 0.91-1.44), 60-70 years (HR 2.33 95% CI 1.90-2.85), 70-80 years (HR 4.11 95% CI 3.37-5.01) and N 80 years (HR 6.26 95% CI 5.03-7.80).
The inverse association between total cholesterol levels and MACE was further investigated by dividing the cholesterol levels into three categories (b4 mmol/L, 4-6 mmol/L and N6 mmol/L) and by stratifying according to statin use at admission and statins prescribed at discharge. The association did not remain significant in the 1403 patients without statins at both admission and at discharge or in the 1639 patients with statins at both admission and discharge, while the association remained highly significant for those 5878 patients without statin at admission but with a prescription of statins at discharge (Supplemental Table 2 ). In multivariate analysis (model 3) the cholesterol level remained associated with MACE only in those with no statin at admission but a prescription of statins at discharge, HR 0.70, 95% CI 0.55-0.88 for total cholesterol 4-6 mmol/L (p = 0.002) and HR 0.65, 95% CI 0.49-0.86 for total cholesterol N6 mmol/L (p = 0.002).
Clinical predictors for long-term all-cause-mortality
The following factors were statistically significant univariate predictors of all-cause mortality: older age, diabetes, hypertension, previous smoking, previous MI, previous stroke, previous or present cancer, COPD, PVD, dementia, ECG changes at admission, reduced LVEF, higher levels of creatinine, higher levels of CRP and lower levels of total cholesterol (Supplemental Table 3 ).
The prognostic value of clinical factors, previous history, biochemical markers and LVEF for the overall mortality was assessed by multivariate Cox regression in three different models (Table 3 ). In the fully adjusted model, older age, diabetes, current smoking, previous stroke, previous or present cancer, COPD, reduced LVEF, lower levels of total cholesterol, higher levels of creatinine and CRP remained statistically significantly associated with all-cause mortality.
Predictors for short term mortality
The 89 patients dying in-hospital or within the first 30 days after discharge were older compared to patients who survived the first 30 days post discharge; the prevalence of smoking, previous MI, ECG changes at admission, reduced LVEF and the levels of creatinine and CRP were significantly different between the groups (Table 1) . However, the rates of hypertension, diabetes and previous stroke were similar between the two groups. Because of the low number of short-term deaths we refrained from further multi-variable modeling. 
Clinical predictors for new myocardial infarction
Independent predictors for new MI after adjustment were older age (HR 1.01, 95% CI 1.00-1.03), current smoking (HR 1.46, 95% CI 1.06-2.01), hypertension (HR 1.31 95% CI 1.02-1.67), previous MI (HR 2.42 95% CI 1.56-3.75) and higher levels of creatinine (HR 1.02 95% CI 1.01-1.04).
Clinical predictors for heart failure
Independent predictors for rehospitalization for heart failure after adjustment were older age (HR 95% CI 3.05-6.91), higher levels of creatinine (HR 1.02 95% CI 1.00-1.03) and lower levels of cholesterol (HR 0.87 95% CI 0.78-0.97).
Clinical predictors for ischemic stroke
Independent predictors for rehospitalization for ischemic stroke after adjustment were older age (HR 1.06, 95% CI 1.05-1.08), diabetes (HR 1.47, 95% CI 1.02-2.13), previous stroke (HR 4.27 95% CI 2.93-6.22) and lower levels of cholesterol (HR 0.85 95% CI 0.74-0.97).
Discussion
The present study is, to the best of our knowledge, the first one to identify independent clinical risk factors for MACE as well as for mortality in a large cohort of patients with MINOCA. Among 9092 consecutive MINOCA patients followed for a mean of 4.5 years we can report that older age, current smoking, diabetes, hypertension, COPD, previous MI, previous stroke, previous PVD, low LVEF, high levels of creatinine and lower levels of total cholesterol were independently associated with MACE. The clinical factors associated with long-term mortality were similar to those for MACE except that presence of previous or present cancer and high levels of CRP also influenced mortality while hypertension, previous MI and previous PVD did not.
Clinical characteristics of the present MINOCA cohort
The mean age in the present study was 65.5 years which is higher than that in previous smaller studies where the mean age has ranged between 52.0 and 60.3 years [6, 8, 13] ; 62% were women in line with some other MINOCA studies [8, 13] , but in contrast to the systemic review which reported a distribution of 60% men and 40% women [6] . The difference in gender distribution may partly be explained by different age distributions [6] . The prevalence of co-morbidities like hypertension, hyperlipidemia and diabetes were high like in other MINOCA studies [6, 13, 14] . In the present study 16.4% of the patients presented with a STEMI, which is in accordance with the SMINC study in which 18.0% presented with STEMI [14] , but considerably lower than the 30% with STEMI in the general MI population in Sweden [15] and the 33% with STEMI in the meta-analysis of MINOCA studies [6] . The prevalence of ST-elevation was significantly higher in patients who died during hospitalization or b30 days from discharge compared to patients who survived N30 days post discharge (50.0% vs. 16.1%).
MINOCA and clinical predictors for adverse outcome
Clinical characteristics such as older age, diabetes, hypertension and smoking were associated with new MACE in patients with MINOCA. Our findings are strikingly consistent with findings from large epidemiological studies conducted half a century ago as well as a more recent case-control study identifying factors associated with CAD [16] [17] [18] . The associations between an increased level of CRP as well as an increased level of creatinine and a new MACE are also consistent with previous findings in studies of patients with CAD [19] [20] [21] . Most independent risk factors proved to be similar for both MACE and all-cause death with the exception of dementia which was only associated with all-cause death.
We report a long-term mortality for the MINOCA patients in the present study of 14.0% (mean follow-up period 4.5 years) and an in-hospital mortality of 0.7%, which are in line with the previous meta-analysis of MINOCA patients reporting an in-hospital mortality of 0.9% and a one-year mortality rate of 4.7% [6] . The MINOCA patients in the present study, as well as in previous studies [6] seem to have a better short-and long-term prognosis than patients with MI-CAD. However, the long term prognosis for MINOCA patients is considerably worse than the annual mortality of 0.3% for patients with stable chest pain in the absence of obstructive CAD [22] and in some studies equivalent to those with an MI associated with single or double-vessel CAD [23] . The rate of long-term serious cardiovascular events are therefore of concern, considering that MINOCA patients tend to be younger and have less comorbidities than patients with MI-CAD [6, 11] . The comparisons of prognosis between patients with MINOCA and patients with MI-CAD is challenging owing to the differences in the underlying pathophysiological mechanisms. MINOCA patients form a heterogenic population with many different possible underlying mechanisms in contrast to MI-CAD for which the thrombo-atherosclerotic mechanism dominates. However, when controlled for age, there were no clear sex-related differences in long-term mortality for patients with MINOCA similarly to findings in MI-CAD patients from the SWEDEHEART registry [24] . Also a higher short-term mortality in patients presenting as STEMI compared to NSTEMI, which is well-known in MI-CAD patients, was seen in the MINOCA patients in the present study.
Our data on all-cause mortality among the limited number of patients with dementia and cancer must also be interpreted with caution since these conditions are associated with increased disease specific mortality.
The cholesterol paradox
In the present study the mean level of total cholesterol (5.1 ± 1.2 mmol/L) was close to the mean level (5.5 ± 1.1 mmol/L) shown in a contemporary Swedish healthy control population; also the percentage of patients on statin treatment was similar (19 vs. 17%) [25] . In previous studies of MINOCA the prevalence of treated dyslipidemia on admission has ranged between 21 and 33% [6, 13, 14] .
We were able to demonstrate that even after adjustment, low levels of total cholesterol were significantly associated with the composite endpoint of MACE as well as with long-term mortality. This finding might seem to be in conflict with previous large studies demonstrating hypercholesterolemia as a causal factor for CAD and that lowering of total cholesterol and LDL reduces cardiovascular risk in both the primary and secondary prevention settings [16] [17] [18] [26] [27] [28] . However, our finding of a cholesterol paradox is in accordance with findings in the elderly [29] , patients with ischemic stroke [30] , rheumatoid arthritis [31] as well as patients with acute MI [32, 33] . When the association between cholesterol level and MACE in the present cohort was stratified according to the use of statins, only the cholesterol level in patients without statins at admission but with a prescription of statins at discharge continued to be independently associated with MACE. Thus, the phenomenon is primarily seen in the statin naïve who receive statin treatment after MINOCA. Differences in underlying pathophysiological mechanisms between MINOCA patients with initial low-and high-cholesterol levels may be a possible explanation for this finding. The development of MINOCA in patients with low initial cholesterol levels (b4 mmol/L) may to a lesser degree be associated with the cholesterol level, and hence, initiating statin treatment in these patients might have minor effects on the risk for new events. On the other hand, in patients with higher cholesterol levels (≥4 mmol/L), initiating statin treatment might decrease the risk of new events substantially, giving rise to the paradoxical finding that higher initial cholesterol levels are associated with a favorable prognosis. This explanation might also fit with our previous results showing that statin treatment is beneficial and decreases the risk of MACE in the general MINOCA population [10] . However, there might also be other or additional, so far unknown, explanations for this paradox.
Limitations
Our study has some limitations that need to be considered. The data available in SWEDEHEART do not permit separation of patients into those without angiographic signs of coronary lesions and those with signs of coronary lesions but no stenosis of ≥50%. Studies have indicated that these subgroups constitute around 50% each of the MINOCA population [12] . Coronary angiographies were evaluated locally at each hospital and not at a core laboratory. We lack sufficient information on the results of examinations such as FFR data on the fractional flow reserve, optical coherence tomography, left ventricular angiography and CMR to be able to divide the present MINOCA cohort into groups depending on possible underlying pathophysiological mechanism. The predictors may be different according to the underlying mechanism. We lack information on the results of examinations performed after the hospitalization period. Some MINOCA patients in our cohort may thus, have subsequently been diagnosed with myocarditis on the basis of CMR performed after hospital discharge. There might also be some cases of Takotsubo cardiomyopathy in the cohort, especially during the first years of the study period where the awareness of this condition was limited. The medical therapy at discharge was at the discretion of the physician in charge and we lack information on any tailored treatments regarding underlying mechanisms. We lack information about previous or present depressions and other psychiatric disorders.
We were able to provide information on all-cause mortality and on cardiovascular mortality but we had no information on other specific types of mortality contributing to all-cause mortality.
Conclusion
The clinical factors predicting new MACE and death of MINOCA patients seem to be strikingly similar to factors previously shown to predict new cardiovascular events in patients with MI and obstructive coronary artery disease.
Supplementary data to this article can be found online at https://doi. org/10.1016/j.ijcard.2018.03.056.
